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Diffraction: Definition and Signatures

Diffractive reactions at hadron colliders are defined
as reactions in which no quantum numbers are
exchanged between colliding particles

Diffractive events could be Identified by presence of:
H intact leading particle

l large non exponentially suppressed rapidity gap
Non- Diffractive Single Double Double Pomeron
(ND) Diffraction (SD) Diffraction (DD) Exchange (DPE)
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Diffraction: definitions

y -rapidity

N - pseudorapidity
y=1/2 In ((E+p,)/E-p,))
n=y | o= -In tan(S5/2)

t - four-momentum
transfer squared B
E - fractional momentum loss p'<~
of pbar P
M, - mass of diffractive system X E,
E;:sz/s Nrap-gap ‘dN/dn
=-In& |
An=In(s/M.? An ,
n=In(s/M,’) |
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Tevatron pp Collider

was shut down on September 30, 2011

Tevatron
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The Collider Detector at Fermilab
(CDF)

Forward Calorimeter (E)

Time of Flight
entral Quter Tracker

Silicon Vertex Detector
Intermediate Silicon

Luminosity Monitor \

O Top performance (>85% data taking efficiency)
O ~10 fb! good for analysis data
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[ |tracking sysTem [ JccaL [ Jrca. [lmecaL [ Jere [lesc [Dlres

Tracking —  Tracking Detectors In| <2.0
CCAL, PCAL — Calorimeters (15°(in ¢)x0.1(inn)) [n|<3.6

B RPS  —Roman Pot Spectrometers 0.02<£<0.1
0< |t]<2 GeV?

BSC —Beam Shower Counters 54<n|<74

B MPCAL - MiniPlug Calorimeters 3.5<n|<5.1
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Forward Detectors at CDFII:

Roman Pot Spectrometers (RPS)

CDF

CIPOLE MAGNETS ™\

|

RP-1 Trigger Counter

¢3 stations

ROMAN POTS
*57 meters from IP i 1
Roman Pot Arrangement x=0.97 SCIntI”at-Or fiber xy-tracker ooo  is00  zoon 200 MDDAD(E:Sl::noun:;M
. ~56m distanee o eration point 2701 pitch, 2 m lever arm
" a L
x=1 g ; RP-2 Trigger Counter |

FIBER TRACKER 1

1000 1500 2000 2500 3000 8500 40
 True Track ADC counts

Reconstructed track 0o

RP-3 Trigger Counter I

Pot 1

e3 trigger counte
rl r rS x: measured hit position LN 159607, Event 94478' POT-X Fiberi 1
[1} 500 1000 1500 2000 2500 3000 3500 4000

0286mm. (<Lbin POT-1 POT-2 POT-3 ADC courts
©240 channels el =
— — — —

o . ° _— q
position resolution £80pum O &t wo == ‘ MIPs ( >1000 counts)
typical resolutions =| ==

in £ 86=+0.001; int 5t=10.07GeV?2
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Forward Detectors at CDFII:
MiniPlug Calorimeters (MPs)

Nucl. Instrum. Meth. A518 (2004) 42.
Nucl. Instrum. Meth. A496 (2003) 333.

1
i :
| 36 circular lead plates i
| laminated with aluminum |
! (1/4" thick) !

1
! :
! 1

PLATES: 25 " dia, 1/4"thick (3/16 " Pb + 2x0.5 mm Al + epoxy)

ALUMINUM

mzZn

STAINLESS STEEL
LIQUID SCINTILLATOR

'|
i

-
I
L—.

measure the energy and lateral position
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Single Diffraction

Diffractive signature:
d large rapidity gap
J intact pbar detected in RPS

Can study diffractive production of high p; objects:
jets, W, J/V¥, b
different insight into the nature of Pomeron

Method: measure ratio of single diffractive (SD)
to non-diffractive (ND) production
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Single Diffraction

Djffractive signature:
large rapidity gap
J intact pbar detected in RPS

Hard component Fraction (R) %
R=SD/ND ratio W 1.15£0.55
@ 1800 GeV b 0.62+0.25

Iy 1.45+0.25

All fractions ~ 1% (differences due to kinematics)
=) ~ uniform suppression
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Single Diffraction: .
lefractlve Dijet Production

Diffractive signature:
d large rapidity gap
Ef intact pbar detected in RPS

g [ _ _ D .
[ Hi + CDF data ~ .. i,
[ :: :.:i Ef“iide;v G( pp — pX) |:JJ ® FJJ ® O(ab — ”)
100;’ (Q°=75GeV?)  0.035<F£<0.095 ) )
§ 1] <1.0GeV? diffractive structure 5 5 ,
10 function Fjj - FJJ (X’Q ’t’é:)
Extract
- % D 2
_ at10 =»Rso (X,8) = =
| — H12006 DPDF Fit A ND O'(ND ) (X Q )|
01E — i1 2008 DPDF Fit B > I > I
B - momentum fract.of parton in IP data - NDPDF
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Single Diffraction:
lefractlve Dijet Production

Phys. Rev. D 86, 032009, 2012

Diffractive signature:
d large rapidity gap
Ef intact pbar detected in RPS

E

10

—a— RPS. Jet5 AR A
. s [[| —4=— RP5track.Jet5 - rescaled R
METHODOLOGY: 10 5 _w— Jets [E?Ed:::'s GeV) - rescaled [TTUEITTNT

10"

§ variable can be reconstructed from

=*RPS tracking information: £

Events / bin

i
=from the fully reconstructed 10 PR
final state: o 1 E 4 ﬁﬁ
g@l=(1/ / s)x X E;e 10 b J.ﬁ ,

10° 10°*
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Single Diffraction:
lefractlve Dijet Production

Phys. Rev. D 86, 032009, 2012

Diffractive signature:
d large rapidity gap
Ef intact pbar detected in RPS

E

10
E —e— RPS. Jet5 ﬁ%
METHODOLOGY: 10° = —a— Jet3 (E}“ﬂ =5 GeV) - rescaled N\
g e R W
c 1ﬂdé . e o
§ variable can be reconstructed from =2 | o N %$
g W S
s 8 F Nl NN
"RPS tracking information - & o 10 AR 3\&
i » = e N N
10 iy SD
*from the fully reconstructed 2 e DL S
final state - 1 f =t
gcal=(1/ \/S)X z ET’e-n’ 1']1 _d L1111 " 1 |::| :I:I:iil S 1 rx\wm ‘.\ Ll 11l
10 10 10 1 10

gﬁ“‘“ (without MiniPlugs)
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Single Diffraction:
lefractlve Dijet Production

Phys. Rev. D 86, 032009, 2012

Diffractive signature:
d large rapidity gap
Ef intact pbar detected in RPS

a | o 10E - —— T —
Z [ - Hifit2 ~+ CDF data < F —= CDF Run II (I, [<2.5)
wor H1 fit-3 Er''?>7GeV = | Jor each event ;
100l T wp o F 3 jets —s— CDF Run I (. [<4.2)
© (QP=75GeV?)  0.085<£<0.095 f_]_ 1 E_I%j _ Z Eie I :
1] <1.0 GaV* o =
[ memea m :
10 E_ ey —_— ﬂ'\l-.;r.rqr.lhu.‘-‘h__.__. c A ! I H-'-.-\.
g ﬁ 10 = -'_"-_._.-.__-_
L. : ""'--l-..._ R
" mie
1L B |
E g [ ]
107 £ .
= 0.0 5:-:.5-;“-:0.09 “
| — H12006 DPDF Fit A | syst. uncertainty: + 20% (norrn), + 6% (slope)
01} ¥e ty: + 20% (nor), :
©— H12006 DPDF Fit B 5 N | L | . L
L e A 10° 5 ' Z A
. 10 10 x 10
B - momentum fract.of parton in IP Bj

December 04, 2012 Christina Mesropian MPI2012 15



Single Diffraction:
lefractlve Dijet Production

Phys. Rev. D 86, 032009, 2012

Diffractive signature:
d large rapidity gap
Ef intact pbar detected in RPS

o O E T T g i
= B #Q' 400 GeV’
wp - 4 Q'L 1,600 GeV’ |
f T e R B - -—~Q 3,000 GeV’
Ratio of SD/ND events a f +q|
. - Lk 1 Q) 10.000G
i i i
as a function of x;, 21 : Tu ;_Hu&; _______ E N4
. : © F )
Similar behavior for i L
. 2 107 L 0.03< 5;_ <0.09 P |
dlfferent Q E QL <E .__,_:' -'-'.ET:'-'{EJ H,!_E!raz];? | : L
| ovérall syst. undertalnﬁy +2[H"r {norm] + 6% [sloipe] f
1':'-3 -3 I I , I — -2 : I I I - -
10 10 Xg, 10
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Single Diffraction:
t distribution (|t]|<1 GeV?)

Phys. Rev. D 86, 032009, 2012

Diffractive signature:
d large rapidity gap
Ef intact pbar detected in RPS

- - _
o o o 2 -0.054 ansqm' —8— RPS inclusive €= SOTT
t distribution measured for : T L elonty | —+— rossms @™scer) |
both soft and hard SD samples £ 7 T RPSJe20 (Q*~e00Ge) }hard
s/ C —— RPS.JetS0 (Q “~4.500Ge\")
Fit to double exponential function: 5 3&&
do/dt oc 0.9 ebl t+0.1 b2 N N
/ 1045 E ?‘_‘\{l“fx“‘ﬁ:}!ﬂﬁhh -
E B g ‘Hi ——
o 103; 1“2 = :"“:,_ }.ﬂ? :i:*-i: _i:-w'.;'..
: R ™ - ot Y pu S P H"F*‘ii
2 10’; "". : i ] b1"';_-!-_. 3 ¥ P‘{=+:{:_
L% - W ’ 10 i <E>+(E] +E} }ﬂiﬁ-tji-%'ﬁilﬁ
1(l§',*+ +‘ E”” T TN N T T e T
F i 0 01 02 03 04 05 06 07 08 09 1
1002 005 004 005 006 007 008 003 01 -t [GEVZ]

RPS
%

RPS acceptance
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Single Diffraction:
t distribution (|t|<1 GeV?)

Phys. Rev. D 86, 032009, 2012

Diffractive signature:
d large rapidity gap
Ef intact pbar detected in RPS

-
=

0.05< e;:’-:u.us * b'f
«b

1< 0.1 GeV? 2

t distribution measured for
both soft and hard SD samples

Fit to double exponential

function:
do/dtc 0.9 ebl t+(0.1eb2 t

"no Q2 dependence
in slope from
inclusive to Q2~ 10% GeV?

IIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII
.
o
——
—i—

. P,

slope parameters b, and b, (GeV’)

9
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1 IIIIIIII 1 IIIIIIII 1 1 IIIIIII 1 IIIIIIII 1 IIIIIIII 1 L1
10" 1 10 102 10° 10*
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Single Diffraction:
t distribution (|t|<4 GeV?)

Phys. Rev. D 86, 032009, 2012

Diffractive signature:
d large rapidity gap
Ef intact pbar detected in RPS

NEWAE —=— RPS inclusive < soft
slow |t| - good agreement with & [™ | | ... DL model { =V hard
S10° % o mode
the Donnachie-Landshoff (DL) 5 E M 2 _ 98 . 2
e [ u‘: _ my, — 2.81
model E _'r" 'H.-:-t- F(t) 4?7?.% —1 {(1 — i;IO.Tl)}
I S S R
>V E “'ﬂ ., +++ ++ T._
u i - " + i —
scale independence l; byl ++ f_l_# +
| e .
shigh |t| - search for = T' f T H4-1 | B
diffraction minimum? © F * ﬁ Nl L 1

T 05 1 15 2 75 3 3.5 4

-t GeV?
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Single Diffraction:
W Prodction

D Previous Tevatron measurements at /s=1.8 TeV

Diffractive signature:
Qf large rapidity gap
J intact pbar detected in RPS

Diffractive W/Z production probes CDF PRL 78, 2698 (1997)
the quark content of the Pomeron R"=[1.1520.51(stat)+0.20(syst)]%
= to Leading Order gap acceptance AgP=0.81
the W/Z are produced Uncorrected for A83P
, RW=(0.93+0.44)%
by a quark in the Pomeron

"production by gluons is D@ Phys Lett B 574, 169 (2003)
suppressed by a factor of o RW=[5.1+0.51(stat)+0.20(syst)]%
and can be distinguished by an gap acceptance AgP=(0.21+4)%
associated jet Uncorrected for Agap
RW=[0.89+0.19-0.17 ]% RZ=[1.44+0.61-0.52 1%
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Single Diffraction:
W Production

’ Phys. Rev. D 82, 112004, 2010

Diffractive signature:
d large rapidity gap
Ef intact pbar detected in RPS

W— e/uy
Ll i -
METHODOLOGY: 1ol T e g LOST
. E il 1 .
& variable can be reconstructed from v |, e ;:EH; s )énﬂﬂ o
=*RPS tracking information: £fP® [ 50<My<120 g
;]
*from the fully reconstructed 10°1 & I -
final state: E%@'=(1/ /s)x 2. ET'e'“' s e o
s ¥ *
In W production, the difference between 1op y JE— .

_ o - gl < ERP> requirement
geeland EF™ is related to missing E;and n, i * removes most events with
allows to determine v and W kinematics 4 + multiple pbar-p interactions

rali L g g (ST e ——
v Y 25 2 -15 4 -05 0 0.5 .1
gRPS - gca|=(1/ \/S)x ET e log. (& I}
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Single Diffraction:
W Production

» Phys. Rev. D 82, 112004, 2010

Diffractive signature:
d large rapidity gap
Ef intact pbar detected in RPS

W— e/uy
N i
€ _| -8B BP track L=0.6 fb™
. . . (1 o AP_peal  HEHD
Fraction of diffractive W -l PPrack &7>%" o7 o
[ —&— | O
[ BD<M,<120 o
10%|- . .
R,y (0.03<£<0.10, |t]|<1)= _'n“i”
[0.97 +0.05(stat) +0.10(syst)]% : . 4 -
10F ¥
. . * Ecal < ERPS requirement
Consistent with Run | result, : A
extrapolated to all F’ 1E + multiple pbar-p interactions
B R R e

log, (& )
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Single Diffraction:
/ rodution

Phys. Rev. D 82, 112004, 2010

d large rapidity gap
Ef intact pbar detected in RPS

37 diffractive Z—> ee/LIL candidates

. . . (RPS track, £%'<0.1)
Fraction of diffractive Z

R,(0.03<£<0.10, |t|<1)=
[0.85+0.20(stat) £0.08(syst)]%

0 Tz
estimate 11 oyerlap

based on ND & distribu

December 04, 2012 Christina Mesropian MPI2012 23



Central Exclusive Production

p

p gffractive signature:

large rapidity gap
0) ED:' Ef intact pbar detected in RPS

ssuppression at LO of the background Er = 33 GeV
sub-processes X
(J.=0 selection rule) Ere =31 GeV
=“exclusive channel” -
clean  signal
(no underlying event activity)

Many measurements at CDF to test
and calibrate theoretical predictions
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Central Exclusive Production:
Observation of exclusive dijets

p Phys. Rev. D 77, 052004, 2008

O

jffractive signature:
large rapidity gap

Ef intact pbar detected in RPS
p— -
Methodology: 'g_ 03: Data corrected to hadron level
S by
Reconstruct R;=M;/My, where 51 E oL
M;; mass of dijet system, M, mass of X ﬁ_ I N
Exclusive signal : R;>0.8 |:‘:—-102-5— 1 )
- KMR x=
2 - - t1.2% «  DPE data (stat. only) ‘_"" C 3
§ 600 Fec 1(55'&{ ;r-'lzly)/ """ POMWIG: CDF&H1 ) - ™ Hadronization
o f o EXnuE 8= qob- - vncenany
500:_ est Fit to Data D’ F ] _
4005 3.:3; Mgapl < 5.9 - E?“’ 2., E!rﬂ“
N R = S Er >10 GeV L ietl. 2
300k + Ef<5GeV 1 |’r|I <295
g 36<ny,, <59
2000 0.03<E;<008 St ti[stat.@systuncerlalnty
100} “]-1..|....|....|....|....|....|..
of 10 15 20 25 30 35

0 02 04 06 IOIIR?I:-I-VI }M Jet E_Tin (%ew
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Central Exclusive Production:
Observation of exclusive dijets

p Phys. Rev. D 77, 052004, 2008

gffractive signature:
large rapidity gap
Ef intact pbar detected in RPS

Look for heavy flavor jet suppression relative to inclusive dijets at high Rjj

t —
S 4 5[‘_ DPE data (Displaced Track) 2 [ ® Facowr = 1-[ Furone/ Frirmallr <04 |
x| [ |systematic uncertainty = 08-0 Fr,_ ,.=1-[MC,,/Data,,]
K‘E B i _ - F. s ne Systematic uncertainty &
= B 1*: n.ﬁl—
T o [ MC,,,, = POMWIG + Background
LL 1 L B (CDFEH1)
g 0.4 -normalized to Data,,
g -
T 0.2
I B

L 0.5 g¢t> 10 Gev
[ Il <15
IR R A T S S S T N SR S S N S 0. i ! . !
0 0.2 0.4 0.6 0.8 1 0.5

R, =M, /M, R, =M, /M,
December 04, 2012 Christina Mesropian MPI2012 26
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Central Exclusive Production: .

Observation of exclusive dimuons and %
p _ Phys. Rev. Lett. 102, 242001, 2009

Djffractive signature:
large rapidity gap
J intact pbar detected in RPS

Trigger:
muon + track + forward rapidity gaps in BSCs
2 oppositely charged muon tracks with

p>1.4 GeV/c, |n|<0.6 3 GeV/c*<M , <4 GeV/c?

P * > P
Y W
(a)
/ L
p »p

December 04, 2012 Christina Mesropian MPI2012 27



Central Exclusive Production:
Exclusive y > J/y(>p*p)+y

Phys. Rev. Lett. 102, 242001, 2009

Djffractive signature:
large rapidity gap
J intact pbar detected in RPS

. 3 GeV/c*<M <4 GeV/c?
J/v production: 243 +21 events 5 o / =l /
dofdy|,-o = 3.92 £0.62 nb s [ ‘
= 80 7 i

: B ool i
¥ (2s) production: 3417 events g"‘“j /FH—\W
dofdy|,-o = 0.54+0.15 nb G o | 2
R = y(2s)/)/y =0.14 £ 0.05 sof

b ..|
32 3.3 3.4 3.5 3.5 8? &8

In agreement with HERA: s e
R=0.166 £ 0.012 in a similar kinematic region

X2/ w(>ptp)+y

dofdyl,-o = 0.54 #0.15 nb 3 %137 33 34 35 a0 37 3830

)
=]
|
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Central Exclusive Production:
Exclusive yy production

Phys. Rev. Lett. %9\ 242002, 2007
. 3 candidates observed, limit set

gffractlve signature:

large rapidity gap
J intact pbar detected in RPS

x10°
S 018 F

Zero bias data

77 interaction sample
|:| non interaction sample

/ Beam Shqwer Counters

Methodology:

nts, Arbitrary Normaliz
o
o
co

Require : no other particles § ooz
0 PR
H 1.5 2 25 .5
in the detectorsup to |n| <7.4 o BT G ot
Study noise level by looking at o e
o - Zero-bias data
“zero-bias” events: g (22 inracion sampe
“ . . »” g 0.25 ;, [ non interaction sample
no interaction” class of events 5 o2k
“interaction” class of events g otsf
£ o[ Central EM calorimeter
%k 0.05 |-
I.I>.I =

%245 4 w05 0 05 1 15 2
December 04, 2012 Christina Mesropian MPI2012 ~ Central EM CalLog10(Max EME;, GeV') 29



Central Exclusive Production:
Exclusive yy production

Phys. Rev. Lett. 109, 081801, 2012

gffractive signature:
large rapidity gap
J intact pbar detected in RPS

Methodology: oInI<lEr>256eV 9 gg 1 0.59(stat) = 0.62(sys) pb

ete—excl
|m|<1,ET>2.5GeV

al1l< — 3.25+0.07pb

Require : no other particles _
In|<1,ET>5.0GeV N
in the detectors up to |n| < 7.4 O etemexcl = 0.60 +0.28(stat) £ 0.14(sys) pb

Study noise level by looking at crﬂ?,_',.‘fj“-ET}E‘“GEV = 0.58 £0.003pb
“zero-bias” events:

“no interaction” class of events

“interaction” class of events
Validate using control sample :

p+p—=p+ee +pviay+y (QED)
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Central Exclusive Production:
Exclusive yy production

=l
% 9
‘T E
Li_
LB e
= |
L
o
'"E
Di

December 04, 2012

Phys. Rev. Lett. 109, 081801, 2012

g’ffractive signature:
large rapidity gap
J intact pbar detected in RPS

1]

L20f _ - o 22 ,
> sk bIpP = prTE €20 c) BB — p VP
oy T SaperCHIC MC 518k - Data
Tk + (Normalized to data)| 2 5[} B SuperCHIC MG
= 14F o & (MNormalized to data)
o(p+0—p+yy+D) @12k F EM!” B
c °F > 12
niy)l = 1.0 2 T 1of
: Bk
R . .
— 3 1
5= 1960 GeV g:‘ ek b 2E i
= e — UE" AT e e L
0 5 10 15 20 25 0 01020304 050607
vy invariant mass (Ge\/c”) Ir - Ad| (rad)

Observed 43 events >>5 ¢

G,, =2.48+0.42(stat)£0.41(sys) pb
excl

Good agreement with the theoretical predictions
Christina Mesropian MP12012 31




2 o ( 7)
- FID-T— D+ +
©4r %
= nivl = 1.0
=W
3r @ (= 0 £, = 2.5 GeV
o £ |2 V5= 1960 GeV
= |
1 x|
T1TFT1=
JE:
0 1

Central Exclusive Production:
Exclusive yy production

Phys. Rev. Lett. 109, 081801, 2012

gffractive signature:
large rapidity gap
d intact pbar detected in RPS
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Tevatron energy scan

Study s-dependence of high cross- sectlons phy5|cs
...mostly non-pQCD 3 e

Egy| P | ]
s 10| romn ZtE
; 10 |[—— best COMPETE o fits // ]
y 100 - - - - parabolic 7 fit T
S :
HU_ 4
m_ 4
0 )
1.Study of MB events: '
0 :
2.Study of UE events U | revatronrunn | @ e
0y - _
3.Gap-X Gap events o \ T

0 o
10! 103 T 101 T 104
Vi (GeY)
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Tevatron energy scan - data

September 8 — 16, 2011
*3x3 bunches
*Special trigger
1 interaction per crossing (no pile-up)

Total data taking time :
10 h at 300 GeV and 39 h at 900 GeV

Gap-X-Gap CRTRY Total #
events

1.89 M 12.1 M 9.2 M 8.3K 23.2 M
900 8.0M 543 M 21.8 M 550 K 16 K 84.7 M

December 04, 2012 Christina Mesropian MPI2012 34



Central Exclusive Production:
Exclusive yy production

Djffractive signature:
large rapidity gap
J intact pbar detected in RPS

2-track mass spectra between
rapidity gaps from 1.32<|n|<5.9 at
Vs = 1960 & 900 GeV =[Meson spectroscopy:
sglue-rich
=Understanding nature of pomeron P ( ~ gg)
=*Only comparable data at Vs = 63 GeV, n-gaps 3.2

L.(no-PU) = 1.18(0.059)/pb

at 1960(900) GeV
All CDF detectors below noise level
except two tracks
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Central Exclusive Production:
Exclusive yy production

Work in Progress...

Ig'ffractive signature:
large rapidity gap
J intact pbar detected in RPS

CDF Il Preliminary

Corrected for acceptance

L A L B R o
ha ’ Statistical uncertainties only -
o Not corrected for acceptance

Statistical uncertainties only

|y(X)|<1.0

Wy,
—— s = 1960 GeV R 'W,*

g

bl jjr HW[ E _

: ... [Gevic’]
Ratio of mass distributions for /s =1960 GeV  Invariant mass distribution of 2 particles
and /s =900 GeV assuming pion masses

do/dM [nb/{ 10MeV/c?)]

T 20

Candidates for 15=1960 GeV
Candidates for 1s=900 GeV
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Conclusions

We have very extensive program of diffractive studies at
the Tevatron — new forward detectors R&D, new
methodologies developed, many pioneering
measurements performed.

* new SD measurements
— tdistributions for |t]|<4 GeV?
— diffractive W and Z production

* new measurements on central exclusive production

— observation of exclusive diphoton production

* workin progress on datasets collected at \s=300 and
900 GeV

— plan to have more results soon

more information available on CDF QCD public webpage

http://www-cdf.fnal.qgov/physics/new/qcd/QCD.html
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